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Abstract: The aim of this study was to investigate the biodiversity and structure of the Carabidae community living at the edges of a
Ramsar wetland in northeastern Algeria, as well as to analyze the effect of environmental variables on this Carabidae community. The
study site included two stations (T1, T2). From November 2016 to October 2017, the carabidofauna was sampled fortnightly using pitfall
traps. The structure and diversity of the beetle community were measured using nonparametric indices, i.e. species richness, diversity
indices, accumulation curves, and similarity analysis. Generalized linear mixed effects models (GLMM) were applied to examine the
spatiotemporal variation of species abundance, and to test the effects of edaphic variables and vegetation cover on the variation of beetle
abundance and species richness. In total, 1121 individuals were caught, belonging to 42 species, 24 genera, and 12 subfamilies; most
of the species belonged to the subfamily Harpalinae (33.33%). GLMM demonstrated that abundance of Carabidae varied significantly
between the stations and over the months studied. GLMM also showed significant effects of environmental factors on the abundance
and species richness of the community. An important taxonomic diversity of the ground beetle community was found, which is highly
related to environmental variables.
Key words: Biodiversity, Carabidae, environmental factors, Ramsar wetland

1. Introduction
Wetlands provide multiple ecosystem services. They
regulate water flow by storing it in the short term
during floods, and act as a buffer and filter purifier by
retaining suspended matter, phosphorus, and carbon,
and eliminating nitrogen (De Sartiges and Fromont,
2013). Wetlands are the most productive ecosystems and
constitute important reservoirs of biodiversity (Maman
and Vienne, 2010).
In Algeria, more than 2000 wetlands are listed, of which
50 are classified in the Ramsar list (Balla, 2012). Most of
them (sabkhas, chotts, and oases) are located in the arid
and semiarid regions of the northeast of the country. The
characteristic communities of these environments have
been extensively studied (Chenchouni et al., 2015; Neffar et
al., 2016; Chenchouni, 2017a). Nevertheless, these studies
remain incomplete in regard to the information provided
on the knowledge of these habitats, their functioning, and
roles and services.
Located in the eco-complex wetland of the high plains
(Hauts Plateaux) of northeastern Algeria, Chott Tinsilt

is a temporary salt lake, classified as a Ramsar site since
2004 (DGF, 2004). For this site, apart from some works
on vegetation (Bezzalla et al., 2019a) and microorganisms
(Menasria et al., 2018), most of the studies have targeted the
avifauna (Boulkhssaim et al., 2016; Bezzalla et al., 2019b).
The entomofauna has been little investigated, except for the
studies by Zerguine (2014), on Chironomidae (Diptera)
and by Mahloul et al. (2016) on Caelifera (Orthoptera). It is
noteworthy that despite the “Ramsar site” status, Algerian
wetlands, including Chott Tinsilt, are not protected from
exploitative use such as drainage for agriculture and water
pollution, bird poaching, and overgrazing of the halophytic
vegetation (Bezzalla et al., 2019b).
Carabidae is the most speciose and abundant family
of the Coleopteran fauna, with more than 40,000 species
belonging to 86 tribes known (Lövei and Sunderland, 1996).
Generally, their ecology and systematics are thoroughly
known (Thiele, 1977; Dajoz, 2002). This family group’s
taxa react differently to biotic and abiotic conditions, and
are very sensitive to changes in microclimates (Gutierrez
et al., 2004; Lambeets et al., 2008). Indeed, ecologists have
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focused on studying the Carabidae in order to answer many
ecological research questions, since the use of taxonomic
groups to assess the ecological quality of habitats is a
widespread method in environmental and conservation
studies (Kotze et al., 2011; Pradervand et al., 2013).
In Algeria, this group of insects, although being
ecologically important, remains less-known and poorly
studied, specifically in salt wetlands, with the exception
of some studies in the semiarid rangelands steppes of
Tebessa (Ouchtati et al., 2012), forests of Chréa and
Djurdjura (Belhadid et al., 2014), agricultural landscapes
of Constantine (Saouache et al., 2014), and Sabkha Djendli
in Batna (Chenchouni et al., 2015). In western Algeria,
the ground beetles of the Sabkha of Oran, salt marshes
of Tafna, and Dayet El Ferd were studied respectively by
Boukli and Hassaine (2009), Boukli-Hacene et al. (2011),
and Matallah et al. (2016).
According to Foster and Treherne (1976), flooding and
salinity are the two major factors that influence insects
colonizing salt marshes. However, ground beetles are well
adapted to flood zones, and have a high flight capacity and
hence a high dispersal capacity (Descender, 2000). Their
habitats and microdistribution are modelled by abiotic
and biotic factors such as light, temperature, humidity,
food supply, predator distribution, and life cycle strategies
(Lövei and Sunderland, 1996), but abiotic factors explain
the distribution of species better than biotic factors
(Dufrêne, 1992).
Our study is the first to focus specifically on the
ground beetle community in Algerian salt wetlands.
This research uses Chott Tinsilt as a study case with the
following objectives: (i) establishing a faunistic list of
Carabidae species; (ii) determining the structure and
patterns of species distribution; (iii) studying the effects of
the environmental factors (soil and vegetation) that could
influence diversity parameters of the community under
the local conditions of this type of ecosystems.
2. Materials and methods
2.1. Description of the study zone
The study was carried out in Chott Tinsilt (35°53′14″N,
6°28′44″E; elevation: 792 m a.s.l.), a Ramsar site located in
Wilaya (province) Oum El Bouaghi. This salt lake is a part
of the eco-complex wetlands situated in the high plains of
eastern Algeria (Figure 1), where it covers an area of 2154
ha, and depends on the amount of seasonal rainfall. Based
on the climatic data for the period 1973–2017 provided by
the meteorological station of Batna located 15 km from the
study site, the study area has a semiarid bioclimate with
cool winters (Emberger quotient Q2 = 29.38, minimum
temperature Tmin = 0.54 °C, De Martonne index IDM
= 16.55). The ombrothermal diagram of Gaussen and
Bagnouls showed a dry period extending over 7 months

from mid-April until the end of November. Precipitation,
totaling 239.12 mm per year, was very irregular, with large
annual and seasonal fluctuations. April was the rainiest
month with an average of 27.52 mm, while the driest
month was July with 6.64 mm. The highest maximum
temperature was recorded in July with 34.79 °C, whereas
the lowest minimum temperature was recorded in January
with 0.54 °C.
In Chott Tinsilt, Mahloul et al. (2016) identified 60
plant species belonging to 18 different families, of which
Poaceae and Asteraceae make up more than half of the flora
counted with 12 species and 14 species, respectively. In
addition, Bezzalla et al. (2019a) found that the community
of plants in the same wetland was mainly based on
halophytes, represented by 34 species of 16 families. Two
stations (T1 and T2) located at the edge of the lake, 4 km
apart from each other, were sampled (Figure 1):
- Station T1 (35°53′29″N, 6°27′29″E; elevation: 791 m
a.s.l.): located in the west of the lake 80 m from the edge of
the waterbody. The sampled area (1200 m2) dominated by
the plant species Atriplex halimus L., with a vegetation cover
of 50 ± 34.5%. Soil had a clay texture, its pH was alkaline
(7.9), and moisture averaged 19 ± 7.74%. Soil organic
matter content was 1.37% and electrical conductivity was
around 9.26 ms/cm.
- Station T2 (35°53′16″N, 6°29′59″E; elevation: 792 m
a.s.l.): located in the east, 3 m from the edge of the lake.
The area sampled (1200 m2) was dominated by two plant
species, Salsola vermiculata L. and Salicornia Arabica L.,
with a vegetation cover of 11% each. The soil texture was
loamy, its pH was alkaline (8.2), soil moisture averaged 11
± 7%, organic matter content was 1.17%, and the electrical
conductivity was 6.9 ms/cm.
2.2. Ground beetle sampling and identification
Since Carabidae are ground-dwelling and nocturnal, the
preferred standard sampling method is the use of pitfall
traps (Rainio and Niemelä, 2003). Samples were collected
fortnightly over a complete year, from November 2016 to
October 2017.
We adopted the same experimental design at both
stations. In each of them, 48 pitfall traps were set up into
3 rows, where each row contained 4 quadrats of 1 m2 (1
m × 1 m). Inside each quadrat, 4 containers were buried.
Throughout each row, the quadrats were 50 m equidistant
(Figure 1). The trap containers (depth = 10 cm, diameter
= 9 cm) were filled to two-thirds of their capacity with a
preservative liquid based on 1 L of water and 300 g of salt,
to which drops of vinegar and detergent were added to
preserve captured insects. The biological material collected
was stored in alcohol (70%) and identified using several
entomological keys: Bedel (1895), Antoine (1955, 1957,
1959, 1961, 1962), and Trautner and Geigenmüller (1987).
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Figure 1. Geographical location of Chott Tinsilt (northeastern Algeria), positioning of sampled stations (T1 and T2), and the
layout of experimental design with pitfall traps at each station.

2.3. Environmental variables measurement
Soil sampling was made seasonally (fall, winter, spring, and
summer). From each quadrat and at a maximum depth of
10 cm, about 1 kg of soil was taken and dried in ambient
air for 10–15 days, sieved at 2 mm to obtain fine-grained
soil, and then subjected to the following pedological
analyses: (i) soil moisture was estimated by the method
of Mathieu and Pieltain ( 2003); (ii) soil pH and electrical
conductivity were measured by a pH and conductivity
meter in a soil–water suspension (1/5); (iii) soil organic
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matter was estimated using Anne’s method (Bonneau and
Souchier, 1994); (iv) vegetation cover of the spontaneous
plants was quantified as the percentage of soil covered by
vegetation, which corresponds to the ratio of the length
occupied by vegetation to the total fixed length of the line
(Canfield, 1941).
2.4. Data analysis
2.4.1. Diversity parameters
In order to facilitate the measurement of biodiversity, the
data obtained from 48 traps was pooled to form a single
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sample per month. Several parameters of biodiversity
were used: relative abundance (RA) represents the ratio
between the number of individuals of a species and the
total number of individuals (N); absolute abundance (AA)
is determined by the number of individuals per species.
Occurrence frequency (Occ) was calculated for each
species by the number of times the species was found/
the total number of samples. Four specific occurrence
classes were then distinguished: very accidental species
(Vac), whose frequency of occurrence is less than 10%;
accidental species (Acc), the frequency of occurrence
varying between 10% and 24%; common species (Cmt),
present in 25%–49% of the samples; constant species (Cst)
present in 50% or more samples (Neffar et al., 2016).
Alpha diversity was evaluated using different
nonparametric indices: species richness (S), Shannon
index, Simpson index (1 – D), and evenness (E). These
diversity indices were computed using the software Past.
The nonparametric asymptotic estimators of species
richness are methods that take into account the frequency
of rare species within a sample to estimate the number of
undetected species in an assemblage (Gotelli and Chao,
2013). The Chao1 estimator (SChao1) was calculated for each
station and for the entire site using EstimateS software
version 9.1.0.
In order to compare the beta diversity of the ground
beetle community between the two stations, and between
the months for the entire site, two similarity indices were
calculated: the qualitative index of Jaccard (βjac) and the
quantitative index of Bray–Curtis (βbc). All indices and
estimators were computed using the software Past.
2.4.2. Rarefaction and extrapolation
The rarefaction and extrapolation curves were plotted for
each station, and for the entire site. These curves helped
to obtain, from the observed data, an estimate of the
cumulative species richness as a function of the sampling
effort provided (Chenchouni, 2017b). The computations
were performed using EstimateS software.
2.4.3. Statistical analyses
The chi-squared test was used to test the dependency of
species richness (S) and abundances (N) between stations
and subfamilies in the salt lake. Euclidean paired group
(UPGMA) hierarchical clustering was applied to group
the months according to the abundances of the captured
species. The calculations were performed by using the Past
software.
Generalized linear mixed model (GLMM) was
applied for two purposes: (i) to test the effect of stations
and months on the variation of abundances of carabids
caught at each individual trap. In this case, the fixed effects
were stations and months, whereas pitfall traps nested
into quadrats were the random effects; (ii) to determine
the effect of measured environmental variables on the

variation of carabid abundance (N) and species richness
(S), taking into account the data of each trap as a unit of
measurement. The fixed effects were all measured variables
and the random effects were stations, quadrats, and traps.
The GLMMs were performed using the “lme” function
of the library {nlme} implemented under the software R
version 3.5.1.
3. Results
3.1. Composition and abundance of beetle community
In Chott Tinsilt, carabid capture totaled 1121 individuals
classified into 12 subfamilies,
24 genera, and 42 species. Species richness and
abundances of carabids were higher in station T1 than
in station T2. In fact, in station T1, the total number of
individuals was 1099 (12 subfamilies, 23 genera, and 41
species) vs. 22 individuals (6 subfamilies, 6 genera, and 7
species) at station T2 (Figure 2). Overall, species richness
(S) and relative abundance (RA%) of the subfamilies were
very unequal. The chi-squared test showed that species
richness values of subfamilies were independent of the
stations (χ2 = 3.72, df = 11, P = 0.95), while subfamily
abundances were dependent on the stations (χ2 = 148.89,
df = 11, P < 0.001).
The subfamily Harpalinae was the richest in species
(14 species, 33.33% of the total), followed by Licininae
and Pterostichinae, with 6 species each (14.28%), and
Platyninae with 5 species (11.90%). The number of
species in the remaining subfamilies was 1–3 species. The
subfamily Brachininae was the most abundant in terms of
individuals (RA = 41.83% of the total), followed by the two
subfamilies Licininae (RA = 21.85%) and Harpalinae (RA
= 21.49%). The other subfamilies were represented by low
relative abundance ranging from 0.09% to 9.09% (Table
1). Specifically, the species Brachinus sclopeta was the
most abundant species (446 individuals, RA = 39.78%),
followed by Chlaenius chrysocephalus (214 individuals, RA
= 19.09%). While the rest of the species had low relative
abundances (RA < 8%) (Table 1).
3.2. Species occurrences
According to the species occurrence frequency, most
species were either very accidental (20 species) or
accidental (11 species). However, 5 species were
constant: Harpalus oblitus, H. lethierryi (Harpalinae),
Chlaenius chrysocephalus (Licininae), Amara metallescens
(Pterostichinae), Brachinus sclopeta (Brachininae); and 6
species were common: Harpalus tenebrosus, H. siculus, H.
attenuatus (Harpalinae), Poecilus nitidus (Pterostichinae),
Brachinus plagiatus (Brachininae), and Broscus politus
(Broscinae) (Table 1).
3.3. Spatiotemporal patterns of alpha diversity
Values of diversity parameters obtained are recorded
in Table 2. The Shannon index at station T1 (H’ = 2.14)
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Subfamily

Genera

Species
42

41

39

Number of taxa

32
25

24

23

18
12

12

11
6

4

T1

6

T2

7

Overall

Stations
Figure 2. Total number of subfamilies, genera, and species of ground beetles
(Coleoptera: Carabidae) for each station (T1 and T2), and for the entire wetland of
Chott Tinsilt, northeastern Algeria.

was higher than at station T2 (H’ = 1.70), whereas the
evenness of station T2 (E = 0.84) was higher than that
of station T1 (E = 0.60). Simpson’s (1 – D) index values
for the two stations were nearly equal, 0.80 for T1 and
0.78 for T2. For the entire site, November was the most
abundant and richest month (N = 216 individuals, S = 24
species). In contrast, January had the lowest values (N = 11
individuals, S = 2 species). April and March recorded the
highest values of the Shannon index with 2.47 and 2.24,
respectively, while the lowest value was observed during
January (H’ = 0.58). Values of evenness ranged from 0.40
in July to 0.88 in September. In addition, the highest value
of Simpson’s diversity index (1 – D = 0.86) was observed
during November, March, and April, while the lowest
value was reported in January (1 – D = 0.39) (Table 2).
3.4. Species richness estimation
The computation of the Chao1 estimator showed that the
estimated species richness value for the entire lake was 60,
exceeding the observed value (42 species). Taken separately,
station T1 recorded an estimated value of 58 species vs. the
empirical value of 41 species, while it remained fixed for
station T2 with 7 species for both observed and estimated
species richness (Figure 3).
3.5. Rarefaction and extrapolation
According to the extrapolation curves at 500 samples,
species richness S(est) was expected to reach 61.63 ± 15.75
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species for a total of 11,416 individuals at station T1, 7.98
± 1.83 species for a total of 229 individuals at station T2,
and 55.83 ± 10.07 species for a total of 5796 individuals for
the entire lake. The plateau was reached after 200 samples
at T1, 48 samples at T2, and 300 samples for the entire site
(Figure 4).
3.6. Spatiotemporal similarity of the ground beetle
community
The application of the Jaccard qualitative index (βjac) and
the Bray–Curtis quantitative index (βbc) revealed a very
low similarity (βjac = 0.14, βbc = 0.02) between the two
stations. For the entire site, most of the values obtained for
the study months ranged between 0.07 and 0.52 based on
the Jaccard index, and between 0.10 and 0.63 based on the
Bray–Curtis index (Table 3).
The hierarchical clustering analysis based on Euclidean
paired group (UPGMA) of ground beetles highlighted
three discriminated groups: group 1 consisted of June and
July (hottest months), group 2 included December and
November (coldest months), and group 3 included the
remaining months (January, February, March, April, May,
September, October), the spring and fall seasons (Figure 5).
3.7. Spatiotemporal variations and effects of
environmental factors
The GLMM revealed that the spatiotemporal variation of
carabid abundance in Chott Tinsilt was highly significant
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Table 1. Systematic list, abundance, and occurrence of ground beetle species captured using pitfall traps at edges of Chott
Tinsilt, northeastern Algeria. AA, absolute abundance; RA, relative abundance (%); Occ, occurrence frequency (%); Vac,
very accidental species; Acc, accidental species; Cmt, common species; Cts, constant species.
Subfamily [RA%]

Species

AA

RA%

Occ

Harpalus oblitus Dejean, 1829

54

4.82

58.33

Cst

Harpalus lethierryi Reiche, 1860

88

7.85

62.50

Cst

Harpalus tenebrosus Dejean, 1829

30

2.68

29.17

Cmt

Harpalus siculus Dejean, 1829

16

1.43

25

Cmt

Harpalus punctatostriatus Dejean, 1829

6

0.54

12.5

Acc

Harpalus attenuatus Stephens, 1828

26

2.32

29.17

Cmt

Harpalus sp.

1

0.09

4.17

Vac

Oedesis villosulus (Reiche, 1859)

1

0.09

4.17

Vac

Dicheirotrichus obsoletus (Dejean, 1829)

10

0.89

16.67

Acc

Anisodactylus virens Dejean, 1829

2

0.18

4.17

Vac

Acinopus sabulosus Fabricius, 1792

2

0.18

8.33

Vac

Acinopus gutturosus Buquet, 1840

1

0.09

4.17

Vac

Ophonus opacus Dejean, 1829

1

0.09

4.17

Vac

Ophonus cordatus Duftschmid, 1812

3

0.27

4.17

Vac

Chlaenius chrysocephalus (Rossi, 1790)

214

19.09

95.83

Cst

Chlaenius spoliatus Rossi, 1792

7

0.62

16.67

Acc

Chlaenius decipiens (Dufour, 1820)

15

1.34

20.83

Acc

Chlaenius aeratus Quensel in Schönherr, 1806

1

0.09

4.17

Vac

Chlaenius velutinus Duftschmid, 1812

1

0.09

4.17

Vac

Licinus punctatalus Fabricius, 1792

4

0.36

12.5

Acc

Cymindis setifensis Lucas, 1842

12

1.07

16.67

Acc

Apristus sp.

2

0.18

8.33

Vac

Graphipterus exclamationis (Fabricius, 1792)

17

1.52

12.5

Acc

Amara metallescens (Zimmermann, 1831)

82

7.31

54.17

Cst

Amara rufipes Dejean, 1828

6

0.54

16.67

Acc

Amara aenea De Geer, 1774

3

0.27

8.33

Vac

Zabrus ignavus Csiki, 1907

1

0.09

4.17

Vac

Poecilus nitidus (Dejean, 1828)

9

0.80

29.17

Cmt

Poecilus crenulatus (Dejean, 1828)

1

0.09

4.17

Vac

Laemostenus algerinus (Gory, 1833)

2

0.18

4.17

Vac

Calathus solieri Bassi, 1834

1

0.09

4.17

Vac

Calathus circumseptus Germar, 1824

1

0.09

4.17

Vac

Calathus sp.

1

0.09

4.17

Vac

Sphodrus leucophthalmus Linnaeus, 1758

3

0.27

12.5

Acc

Brachinus sclopeta Fabricius, 1792

446

39.79

95.83

Cst

Brachinus plagiatus Reiche, 1868

23

2.05

37.5

Cmt

Broscinae [1.33]

Broscus politus Dejean, 1828

15

1.34

33.33

Cmt

Scaratinae [0.53]

Distichus planus Bonelli, 1813

6

0.54

16.67

Acc

Nebriinae [0.09]

Nebria andalusia Rambur, 1837

1

0.09

4.17

Vac

Trechinae [0.35]

Pogonus chalceus Marsham, 1802

4

0.36

16.67

Acc

Carabinae [0.09]

Campalita maderae Fabricius, 1775

1

0.09

4.17

Vac

Cicindelinae [0.09]

Cicindela lunulata Fabricius, 1781

1

0.09

4.17

Vac

Harpalinae [21.49]

Licininae [21.85]

Lebiinae [2.70]

Pterostichinae [9.09]

Platyninae [0.71]

Brachininae [41.83]

Scale
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Table 2. Values of nonparametric diversity indices of ground beetle species for each month at each station (T1 and T2)
and for the entire site at Chott Tinsilt, northeastern Algeria.
Station T1

Station T2

Overall

Month

N

S

E

1-D

N

H’

E

1-D

N

S

E

1-D

Nov

205

24 2.31

0.70

0.90

11 4

1.20

0.84

0.62

216

24 2.33

0.73

0.86

Dec

108

16 1.75

0.60

0.70

1

0

—

0

109

17 1.79

0.63

0.72

Jan

11

2

0.58

0.80

0.40

— — —

—

—

11

2

0.58

0.84

0.39

Feb

41

6

1.36

0.80

0.70

— — —

—

—

41

6

1.36

0.75

0.67

Mar

89

16 2.39

0.80

0.90

1

—

0

90

16 2.24

0.80

0.86

Apr

80

19 2.47

0.80

0.90

— — —

—

—

80

19 2.47

0.84

0.86

May

54

12 2.10

0.80

0.80

1

1

0

—

0

55

13 2.15

0.84

0.84

Jun

178

15 1.31

0.50

0.50

2

2

0.70

1

0.50

180

16 1.36

0.49

0.55

Jul

203

9

0.89

0.40

0.50

— — —

—

—

203

9

0.89

0.40

0.46

Aug

25

4

0.90

0.60

0.50

— — —

—

—

25

4

0.89

0.64

0.50

Sep

21

6

1.55

0.90

0.80

2

2

0.70

1

0.50

23

7

1.71

0.88

0.79

Oct

84

9

1.89

0.90

0.80

4

2

0.70

1

0.50

88

10 1.97

0.85
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Figure 3. Values of observed and estimated (Chao1) species richness with standard deviations
(±SD) as vertical error bars, of ground beetle community sampled at Chott Tinsilt, northeastern
Algeria.
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Figure 4. Sample-based rarefaction (solid line) and extrapolation (dashed line) curves of species richness estimated for ground beetle
communities living in the halophytic vegetation belts surrounding Chott Tinsilt in northeastern Algeria. White solid circles indicate
reference samples. Light gray shaded areas represent lower and upper bounds of 95% confidence intervals for the S(est). Colored/shaded
areas indicate ±SDs.
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Table 3. Values of the Jaccard similarity index (above diagonal) and the Bray–Curtis similarity
index (below diagonal) computed among sampling months of ground beetles living at Chott
Tinsilt in northeastern Algeria.
Nov
Nov

Dec

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

0.38

0.07

0.21

0.47

0.38

0.28

0.34

0.15

0.10

0.25

0.39

0.13

0.29

0.52

0.35

0.26

0.35

0.18

0.25

0.28

0.42

0.33

0.13

0.11

0.15

0.13

0.20

0.50

0.29

0.18

0.38

0.32

0.36

0.31

0.23

0.25

0.44

0.42

0.52

0.38

0.35

0.30

0.18

0.35

0.50

0.39

0.36

0.21

0.21

0.18

0.25

0.40

0.35

0.31

0.33

0.41

0.32

0.19

0.38

0.44

0.27

0.21

0.31

0.22

0.25

Dec

0.64

Jan

0.10

0.18

Feb

0.32

0.28

0.42

Mar

0.47

0.33

0.22

0.63

Apr

0.39

0.36

0.24

0.43

0.59

May

0.18

0.13

0.15

0.23

0.32

0.37

Jun

0.52

0.46

0.12

0.33

0.36

0.36

0.20

Jul

0.45

0.38

0.10

0.24

0.24

0.21

0.10

0.80

Aug

0.20

0.37

0.61

0.45

0.30

0.44

0.18

0.23

0.21

Sep

0.19

0.27

0.59

0.56

0.39

0.35

0.33

0.21

0.12

0.42

Oct

0.58

0.51

0.22

0.59

0.63

0.54

0.28

0.46

0.33

0.42

between the two stations, where the carabids’ abundance
decreased significantly (t = –11.27, P < 0.001) at station
T2. According to the months, GLMM indicated that
abundances experienced a statistically significant increase
during the months of December, June, July, and November
(P < 0.05) compared to the intercept, which included the
month of August (Table 4).
GLMMs testing the multivariate effects of edaphic
factors (soil moisture, pH, electrical conductivity, and
organic matter) and the level of spontaneous vegetation
cover on abundance and species richness of ground beetles
showed that soil electrical conductivity and soil moisture
had a significant negative effect on Carabidae abundances,
while vegetation cover positively influenced Carabidae
abundance. Except for soil pH, all of the environmental
factors considered in this study had a significant positive
effect on the variation of species richness of ground beetle
populations observed at each pitfall trap (Table 5).
4. Discussion
This study is the first of its kind in the North African
wetlands of international importance known as Ramsar
sites. It allowed us to identify the carabidofauna and to
determine the spatiotemporal variation of the community
diversity patterns in relation to its habitat characteristics
(effects of the edaphic factors and the vegetation).
Although North Africa is rich in wetlands, the
literature reveals few studies on the Carabidae of these
ecosystems. The sampling of this insect group over a year
in Chott Tinsilt included 42 species distributed over 24
genera and 12 subfamilies. Similar species richness values
were determined by Boukli-Hacene et al. (2011) in a salt
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marsh of Tafna in western Algeria with 42 species, and
Zanella and Scarton (2017) in salt marshes of dredged
islands of Venice in Italy with 46 species. In contrast,
Andujare et al. (2001) reported a species richness value
equal to 105 in the salt marsh of Cordovilla in Spain, and
8 species by Boukli and Hassaine (2009) in the Sabkha of
Oran in western Algeria. Despite the common character
of all of these different ecosystems as salt wetlands, the
observed difference in species richness can be attributed
to the prevailing climate, plant components, intermittency
of waterbodies (temporary or permanent), type (marine
or continental) of the wetland, and especially the sampling
technique adopted and the effort devoted. Furthermore,
considering that wetlands are of conservation concern
and in an unfavorable trajectory (De Sartiges and
Fromont, 2013), the disturbance factor could also explain
this difference. Indeed, the hypothesis of increasing
disturbance suggests that species richness decreases with
increasing levels of habitat modification/disturbance
(Gray, 1989). For example, grazing has a negative effect on
several Carabidae species, which mostly occur copiously
in high biomass nongrazed areas (Byers et al., 2000).
In terms of number of individuals and species, the
difference is very marked between the two stations
(T1 and T2), as the similarity indices values prove.
This difference is due to several factors such as soil pH,
electrical conductivity (or salinity), soil moisture, organic
matter, vegetation cover, soil texture, and the distance
from the lake that characterize each station. In fact, station
T1 is characterized by greater vegetation cover (50%),
higher soil moisture (19%), and higher organic matter
content (1.37%). At station T2, the values of these factors
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Figure 5. Hierarchical clustering dendrogram illustrating abundance-based similarity of
ground beetle species among months in Chott Tinsilt, northeastern Algeria (clustering
method = Euclidean paired group, UPGMA).
Table 4. Generalized linear mixed models (GLMM) testing the variation
of ground beetle abundances between sampling stations and months at
Chott Tinsilt in northeastern Algeria.
Variables

Value

Std. Error

DF

t-value

P-value

Intercept

0.59

0.170

2196

3.50

<0.001

Station T2

–0.93

0.082

2196

–11.27

<0.001

Apr

0.28

0.203

2196

1.41

0.158

Dec

0.43

0.203

2196

2.15

0.031

Feb

0.08

0.203

2196

0.41

0.681

Jan

–0.07

0.203

2196

–0.35

0.719

Jun

0.80

0.203

2196

3.97

<0.001

Jul

0.92

0.203

2196

4.56

<0.001

May

0.15

0.203

2196

0.76

0.441

Mar

0.33

0.203

2196

1.66

0.095

Nov

0.99

0.203

2196

4.89

<0.001

Oct

0.32

0.203

2196

1.61

0.106

Sep

–0.01

0.203

2196

–0.05

0.959

were 11%, 11%, and 1.17%, respectively. Moreover, the soil
texture of the two stations is different; it is clayey at station
T1 and loamy at station T2. Station T1 is further from the
lake than station T2; hence, some edaphic factors such as

electrical conductivity (salinity) and soil moisture change,
and these changes influence the vegetation distribution
of the wetland (González-Alcaraz et al., 2014). GLMM
showed that the environmental factors investigated (soil
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Table 5. Generalized linear mixed models (GLMM) testing the effect of environmental factors on the abundance (N) and
species richness (S) of ground beetles at Chott Tinsilt, northeastern Algeria.
Number of individuals
DF

t-value

P-value

Value

t-value

P-value

Intercept

2203 –0.961 1.157

–0.83

0.406

–0.396 0.348

–1.13

0.255

Soil pH

2203 0.127

0.89

0.374

0.016

0.043

0.37

0.704

Soil electrical conductivity

2203 –0.029 0.011

–2.69

0.007

0.010

0.003

3.08

0.002

Soil moisture [%]

2203 –0.015 0.006

–2.58

0.010

0.007

0.002

4.18

<0.001

Soil organic matter [%]

2203 0.137

0.091

1.51

0.131

0.074

0.027

2.74

0.006

Vegetation cover [%]

2203 0.021

0.002

12.14

<0.001

0.007

0.001

13.36

<0.001

Value

SE
0.143

moisture, organic matter content, and vegetation cover)
with electrical conductivity have a significant effect on the
variation of ground beetle abundance and species richness
in Chott Tinsilt. Our results corroborate those of Thiele
(1977), who assumed that there is a good correlation
between plant alliances and Carabidae. Additionally,
Magura et al. (2001) confirmed that habitats with dense
vegetation cover are characterized by high species richness.
According to Descender et al. (1984), soil moisture is
the key factor for Carabidae distribution; several species
responded positively to soil moisture (Byers et al., 2000).
Soil texture may influence the ground beetle community
(Boivin and Hance, 2003), impacting not only the species
structure of the community but also the abundance of
individuals (Ouchtati et al., 2012). In addition, Dajoz
(2002) has reported previously that these insects are more
abundant in clayey soils than in sandy soils. Moisture
retention capacity is known to be very high in clayey soils,
which attracts insects fleeing dry soils, even though the
latter are well ventilated. The results of this study confirm
that Carabidae prefer clayey soil in semiarid regions.
Regarding frequencies of subfamilies, Brachininae
was the most abundant, although it was represented by
only two species belonging to the same genus: Brachinus
sclopeta and B. plagiatus. This result can be associated with
the constant presence of moisture in the soil as a result of
the sewage discharges which have certain hygrophilic and
halophilic characteristics; consequently, the environment
became propitious for their reproduction and population
increase. This observation disagrees with the results of
Matallah et al. (2016) at Dayet El Ferd, a temporary wetland
in western Algeria, where the subfamily Cicindelinae
predominated in terms of abundance. Moreover, both
Andujare et al. (2001) and Matallah et al. (2016) reported
that the subfamily Harpalinae was the richest in species of
the carabid community. According to Lorenz (2005), this
subfamily is the richest in species among the Carabidae,
reaching about 19,000 species. In contrast, Daoudi et al.
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(2017) reported the subfamily Trechinae to be the richest
at Oued Ait Aissa in Morocco. What is important to note
is that most species in Chott Tinsilt are represented by
only a few individuals. This result could be explained by
the unavailability or insufficiency of food in intermittent
salt lakes, which causes great competition between species,
leading to the appearance of such distribution models.
Inter- and intraspecific competition, predation, and
parasitism regulate the spatial and temporal distribution
of species and the structure of communities (Baguette,
1992). Similar observations were made by Boukli-Hacene
et al. (2011) and Matallah et al. (2016).
Based on the Shannon index and evenness values,
there is a well-marked spatiotemporal variation of the
ground beetle assemblage, which can be attributed
to environmental heterogeneity—in other words, the
spatial heterogeneity of environmental characteristics at
each station (i.e. edaphic factors and vegetation cover).
However, the temporal variation is due to the climatic
conditions (mainly temperature and precipitation).
Indeed, the month of March was the most diversified,
corresponding to favorable conditions (temperature
T = 11 °C, precipitation Pr = 23.37 mm), while January
and July were the least diversified, which coincided
with unfavorable conditions (temperature T = 0.54 °C,
precipitation Pr = 25.78 mm in January and temperature
T = 34.79 °C, precipitation Pr = 6.64 mm in July). In
general, climatic factors may partly explain the variation
of alpha diversity (Xiao-Dong et al., 2016). Climatic
predictors (temperature, precipitation, and air humidity)
have positive effects on carabid species richness at regional
and ecosystem levels, with differences between ecosystems
(Tsafack et al., 2019). For all organisms, temperature can
determine species richness through its effect on metabolic
biochemical kinetics (Sanders et al., 2007). In the case of
Carabidae, it influences flight, rate of digestion, fecundity,
and larval survival (Thiele, 1977). The same is true for the
influence of rainfall, since it positively affects soil moisture
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and plant diversity, and consequently the structure of
carabids (Yan et al., 2015). On the other hand, at the spatial
scale, Soberón (2010) argues that climatic factors, in this
case temperature and precipitation, play a more important
role in the community structure than biotic factors. In
agroecosystems belonging to the semiarid bioclimatic
stage of eastern Algeria, Saouache et al. (2014) found that
there was a spatial variation in ground beetle diversity
indices, but the temporal variation of these indices was
recorded only in cherry orchards.
It is obvious that when sampling effort increases, the
probability of encountering new species also increases. For
station T2, the species richness estimator (Chao1) reveals a
large difference between the empirical species richness and
that estimated at station T1 and for the entire site. Many
studies have discussed the effectiveness of interception
traps in sampling. Indeed, several characteristics influence
capture capacity: (i) the surrounding vegetation and the
position of the trap (Ward et al., 2001); (ii) the microclimate
and climate (Mitchell, 1963; Chenchouni et al., 2015); (iii)
the liquid used as an agent to immobilize and conserve

captured specimens (Jud and Schmidt-Entling, 2008);
(iv) population densities and activity pattern of collected
species (Mitchell, 1963). According to the rarefaction
curves obtained for station T1 and the entire site, an
additional sampling effort is necessary in order to establish
a more complete inventory of species—in other words, to
encounter all expected rare species.
The use of interception traps in this study provided
important information on the carabid fauna in Chott
Tinsilt. This community has a high taxonomic richness,
with large spatiotemporal variations of alpha and beta
diversity. Spatial variation in abundance and species
richness are closely related to environmental factors such
as electrical conductivity, soil moisture, organic matter,
and vegetation cover.
The important biodiversity of carabids found in this
wetland requires more protection in this kind of ecosystem,
which is in danger due to anthropogenic pressure affecting
the ecosystems’ stability. More effort is recommended to
deepen and upgrade our knowledge about the pattern
distribution of this assemblage.
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